INTRODUCTION
Schwannomas are slow-growing benign tumors of the peripheral nervous system, arising from Schwann cells, and they can occur in any location in the body where peripheral or cranial nerves are present (1) . Previous studies reported that schwannomas arising from peripheral nerves frequently present with a fusiform appearance, encapsulation, the target sign (intratumoral peripheral rim of high signal intensity on a T2-weighted image), and the fascicular sign (small ring-like intermediate, low signal intensities with background high signal intensity on a T2-weighted image) on magnetic resonance imaging (MRI) (1, 2) . Cystic changes and necrosis can occur, especially in deep-seated large schwannomas of long duration called ancient schwannomas (3) .
Spinal intradural extramedullary schwannomas are known to have a high frequency of necrosis and cyst formation even when they are small (4) . However, most studies of spinal intradural extramedullary schwannomas were case reports or were conducted using low-field MRI in a small number of cases, and their evaluation was therefore limited to radiologic-pathologic correlations (4) (5) (6) (7) . In addition, we queried whether the imaging findings of peripheral nerve sheath tumors, such as the fascicular sign or the target sign, would be useful in cases of spinal intradural extramedullary schwannomas. The purposes of our study were to Purpose: To evaluate the magnetic resonance imaging (MRI) findings of spinal intradural extramedullary schwannomas with pathologic correlation and to determine whether these schwannomas share the imaging features of schwannomas in the peripheral nerves.
Materials and Methods:
The MRIs of 17 cases of pathologically proven spinal intradural extramedullary schwannomas were reviewed retrospectively, and cystic changes, enhancement, and intratumoral hemorrhage of the tumors were evaluated. Imaging features known to be common findings of schwannoma in the peripheral nerves, such as encapsulation, the target sign, the fascicular sign, and visualization of entering or exiting nerve rootlets, were also evaluated. The histopathology of the tumors was correlated with the MRI findings. Results: Cystic changes were detected in 14 cases by MRI and in 16 cases by pathology. The most common pattern of enhancement was a thick peripheral septal pattern (70.59%). Intratumoral hemorrhage was detected in four cases on MRI, but in all cases on pathology. Encapsulation was observed in all cases. The fascicular sign was seen in only four cases, and thickening of an exiting rootlet was visualized in one case. None of the cases showed the target sign. Conclusion: Spinal intradural extramedullary schwannomas were typical encapsulated cystic tumors and had few imaging features of schwannomas in the peripheral nerves.
Index terms
Spinal Intradural Extramedullary Schwannoma MRI Pathology evaluate the correlation between radiologic MRI findings of spinal intradural extramedullary schwannomas and pathologic results, and to determine whether these schwannomas shared the imaging features of their peripheral nerve counterparts.
MATERIALS AND METHODS
This study was approved by our Institutional Review Board.
Informed consent was not required for this retrospective study. Two musculoskeletal radiologists with 6 and 20 years of experience, respectively, reviewed the MRIs and achieved consensus. The MRIs were evaluated with regard to the spinal level, the location relative to the spinal cord, the morphology of the tumor (fusiform, round/ovoid, dumbbell, or lobular shape), enhancement patterns, cystic changes, and intratumoral/extratumoral hemorrhage. The enhancement patterns were classified as homogeneous, heterogeneous, thick peripheral septal (the thicknesses of the peripheral wall and septa were greater than 2 mm), thin peripheral septal (the thicknesses of the peripheral wall and septa were less than 2 mm), central with a peripheral non-enhancing rim, and no enhancement. A cystic change was defined as an area that showed iso-signal intensity to cerebrospinal fluid (CSF) on both T1-and T2-weighted images without enhancement. The area of cystic change was graded as mild (a cystic portion occupying less than one-third of the tumor), moderate (a cystic portion occupying more than one-third but less than two-thirds of the tumor), and severe (a cystic portion occupying more than two-thirds of the tumor). High signal intensities on both T1-and T2-weighted sequences, high signal intensities on a T1-weighted sequence and low signal intensity on a T2-weighted sequence, or dark signal intensities on a T2-weighted sequence within the tumor were regarded as intratumoral hemorrhage. When the signal intensity representing hemorrhage was observed outside the tumor, the location was recorded as the subarachnoid, subdural, and epidural spaces. Imaging features that are known to be the common findings of schwannoma, such as encapsulation, the target sign, the fascicular sign, and visualization of entering or exiting nerve rootlets, were evaluated on a T2-weighted sequence. Encapsulation was defined as the outermost peripheral thin rim of low signal intensity on a T2-weighted sequence.
The target sign appeared as a central area of low signal intensity peripherally surrounded by an area of high signal intensity on a T2-weighted image (8) . The fascicular sign was defined as multiple small dot-like structures with a higher signal intensity in the background (1, 2, 9). Descriptive analysis was performed for all of the findings.
Pathologic Evaluation
The surgical pathologic specimens of tumors were reviewed by an experienced pathologist for the following findings: the An- toni A and Antoni B areas, cystic changes, intratumoral hemorrhage, hyalinization of vessels, and encapsulation. With the scanning power (12.5 ×) of an Olympus BX microscope, the pathologist looked for any cystic change within the tumor on the pathology slide. The area of cystic change was estimated qualitatively and graded as mild (a cystic portion occupying less than one-third of the tumor), moderate (a cystic portion occupying more than one-third but less than two-thirds of the tumor), and severe (a cystic portion occupying more than two-thirds of the tumor), similar to the MR imaging analysis. When there were multiple areas of cystic change, the total area of cystic change within the tumor was estimated and graded.
RESULTS

Imaging Analysis
As shown in Table 2 (Fig. 1) .
All of the non-enhancing areas of the thick peripheral septal enhancing pattern corresponded with the areas of cystic change (Fig. 1) . None of the cases showed a thin peripheral septal, central with peripheral non-enhancing rim, or no enhancement pattern. Intratumoral hemorrhage was seen in two cases. Extratumoral hemorrhage was seen in one case, which showed hemorrhage within both the subarachnoid space and the subdural space. Among the common imaging findings of schwannomas in peripheral nerves, encapsulation was the most frequent finding (17/17, 100%). However, the fascicular sign was seen in only four out of the 17 cases (23.52%) and it was not as definite as that in their peripheral counterparts (Fig. 2) . Only one case showing thickening of an exiting rootlet was observed (Fig. 2) . None of the cases showed the target sign.
Pathologic Analysis
In all cases, the Antoni A and Antoni B areas were mixed and blended imperceptibly, and no demarcation could be discerned between these areas. Areas with cystic change were observed in all but one case (16/17, 94.11%) (Figs. 1, 2) . Intratumoral hemorrhage was seen in all cases (Figs. 1, 2) . Hyalinization of vessels was seen in 13 out of the 17 cases (76.5%). Encapsulation by the epineurium was seen in all cases.
Correlation between MRI and Pathologic Findings
Correlations between MRI and pathologic findings were found in the cystic changes, intratumoral hemorrhage, and encapsula- 
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Fig. 1. Sagittal images of T2-weighted (A), T1-weighted (B)
, fat-suppressed contrast-enhanced T1-weighted sequences (C), axial image of contrast-enhanced T1-weighted sequence, and a photograph (E) of pathology in a 49-year-old woman with a spinal intradural extramedullary schwannoma at the level of the L2 vertebral body and L2-3 disc. On the T2-weighted image (A), an intradural extramedullary mass is seen in the thecal sac. The tumor is ovoid in shape with encapsulation (arrows). The signal intensity of the tumor is iso-signal intensity with cerebrospinal fluid on T1-and T2-weighted images (A, B) with thick peripheral septal enhancement (C, D), representing cystic changes. The cystic portion occupied more than two-thirds of the tumor (severe cystic changes) on MRI. However, on the photograph of pathology (E), the cystic changes (asterisks) occupied more than one-third but less than two-thirds of the tumor, suggesting moderate cystic changes. The epineurium (dashed arrows in E) and intratumoral hemorrhage (arrows) are also seen (hematoxylin and eosin, × 100). In the pathologic analysis, all of the cases showed hemorrhage within the tumor, but only four cases of intratumoral hemorrhage were evident on MRI. All of the cases showed encapsulation in both the MRI and pathologic findings.
DISCUSSION
Previous studies reported that spinal intradural extramedul- lary schwannomas most commonly arise from the dorsal sensory roots and usually develop as an asymmetric, well-encapsulated, lobular, firm mass (8, 10, 11) . The lumbar region is the most common site for the occurrence of spinal schwannomas (11) . All of these findings corresponded well with the results of our study.
In our study, areas with cystic change were seen in more than 82% of the cases on MRI and in 94% of the cases on pathologic analysis. Mild cystic changes determined on pathologic analysis
were not seen on MRI. Small areas of high signal intensity within the tumors could hardly be differentiated between hypocellular areas and cystic changes. In contrast, some severe cystic changes seen on MRI were underestimated by pathologic analysis, probably because a cyst can collapse during surgical manipulation and tissue fixation.
The most common enhancement pattern was thick peripheral septal enhancement in our study. All of the non-enhancing areas of the thick peripheral septal enhancing pattern corresponded with the areas of cystic change. According to previous studies only be seen when it is thickened, as was the case in our study (Fig. 2) . The target sign was described in T2-weighted MRI findings of neurogenic tumors (2, 8) , which was characterized by a low signal intensity centrally and a high signal intensity peripherally, and it was seen more frequently in neurofibromas (50-70%) than in schwannomas (50%) (2) . However, in our study, none of the cases showed the target sign, which was probably related to the frequent cystic changes in schwannomas that were intradural extramedullary in location. The fascicular sign manifests as multiple small ring-like structures with a high signal intensity in the background on T2-weighted images, and is more frequently observed in schwannomas than in neurofibromas (2) . Only four cases in our study (23.52%) showed the fascicular sign, but it was not as definite as that in their peripheral counterparts. The absence of the fascicular sign was also probably related to the fre- The major limitation of this study is that it was retrospective analysis. We did not perform any statistical analysis. The study population comprised only 17 cases and the sample size was too small to generalize the results. However, this is the largest study to evaluate the correlation of MRI findings of spinal intradural extramedullary schwannoma with pathologic findings.
In conclusion, spinal intradural extramedullary schwannomas were typically encapsulated lobular cystic tumors and had few imaging features of benign peripheral nerve sheath tumors; therefore, the imaging findings of the latter entity may not be helpful.
